Nowadays switched reluctance motor (SRM) drives have been widely used in the field of controlled electric motor drives. The paper proposes a model reference parameter adaptive control method for SRM drives. The main goal of the drive control is to improve dynamical performance by compensating for the motor nonlinearities. The adaptation practically works only in a relatively narrow speed error track (adaptation range) which is equal to approximately 20-100 revolution/mn absolute value of speed error. The drawback of this limitation is the relatively short time for the algorithm to operate. But the convergence of the algorithm is extremely fast which significantly reduces the effect of this drawback.
Introduction in motion control systems are robustness against parameter changes and disturbance rejection of main interest. The model reference adaptive control has the following features: * It makes the compliance of the system with varying operational conditions possible and ensures the behavior of the controlled system according to the prescribed reference model.
It means such a special type of adaptive systems which results in nonlinear control systems. This is the reason why the analytical analysis is completed by Lyapunov stability criterium or by hyper-stability principle. * Its planning ad application is closely related to the using of computer methods. Simple realisation of the control algorithm.
In this paper the application of a model reference parameter adaptive control to switched reluctance motors is presented.
Drive system
The block scheme of the examined drive system is shown in Fig. 1 Cj is the control signal of phase j ( or 1).
The supplement of the first member of Eq. 1 makes the overlap of the phase conduction possible, while the effect of second member is to increase the reference signal with the current of the switched-off, but not current-free phase.
The ripple free operation can be realize only with a current waveform depending on the angle, speed and torque [5] . The proposed ripple reduced method [6] The adaptive control of servo-drives with cascade arrangement is most effective if it is applied in the inner loop containing the effect of variable parameters directly, i.e. the inertia (J,,) and/or torque factor (kim ).
The speed control implemented with PI controller is of cascade arrangement in fact as it contains an inner, proportional feedback loop (PF controller, [2] , Fig. 2 .). A one-storage proportional element can describe this inner loop neglecting the time constant of the closed current control loop. By this our adaptation algorithm will be simplest.
The relation between the accelerating current determining the dynamic torque and angular velocity can be given by the following transfer function:
where A, = k-
Jm
The anrangement of control circuit can be seen in Fig. 2 
The differential equation of the one-storage controlled plant is as follows:
The factor K. can be described as the sum of Kpo determined on the mean A4 and AKP accomplished by the adaptation algorithm. So thus:
K1,4, =-(Kpo + AKP) AF q Aq (6) where K,, , and q are constant.
In this case we assume that the change of A1 is slow from the viewpoint of adaptation, therefore the effect of this change can be neglected.
Substituting Eq. (6) into Eq. (5) we get:
6 + (q + Aq) = (q + Aq) or -Aji(.
By using Eq. (4) and (7) and substituting the expression of model error c = ow -the dynamic equation 
.r = c9, -C)f)/ 8 (q1jv,,, + Aji) <0
(13) then
The above equation is a negative definite function that shows the asymptotic stability of the error dynamic Eq. (8) . By using the relations (6) , (8) and (12) the following adaptation algorithm is true:
where y may be an arbitrary positive number.
The inequality (13) shows how we have to change the signal f°tm representing the load ofmodel. Fig. 3. (F=0,00001) . It is clear in the upper figure that with low initial value K. practically reaches its steady-state value in 8 seconds and the pulsation is low. With initial value higher than the steady state value of K., convergence is slower, more 8-second long simulation cycle is needed to reach the steady-state.
In Figure 4 . with one order of magnitude higher F value has been set than in the previous case. So adaptation process has speeded up significantly. At the same time the pulsation of steady-state Kp value has become significant, its value oscillates between 1 and 1.5. With another order of magnitude increasing in adaptation factor (Fig. 5.) adaptation process speeds up away but the pulsation in the gaining factor is so high (characteristically between 1 and 3, sometimes it fluctuates even more) that in practical cases it is not acceptable.
Summary for the simulation results of model reference parameter adaptive control According to the simulation investigations convergence of the model reference parameter adaptive PF control at switched reluctance drives with significant torque ripples can be ensured with the next conditions:
* Input of the first-order reference model only determines its output when the filtered current reference signal is lower with a given Al value (in the simulation it has been set to 1 A) than its limit otherwise output is identical to the speed feedback signal. So the model works like a frrstorder proportional lag element only in operation without current limitations.
* Adaptation is executed when two conditions are true at the same time:
* Filtered current reference signal is lower with a given AI value (in the simulation it has been set to I A) than current limit and * Absolute value of the speed error signal is higher thau a given An value (in the simulation it has been set to 20 revolution/min).
* Setting the initial value of the K,, gain factor to low is practical. In this case convergence is faster and safer. * The appropriate selection of r adaptation factor also has important effect on the sufficient convergence: the faster the adaptation, the higher the variation of the adaptation factor in steady state.
Because of the restrictions described in point 2. adaptation practically works only in a relatively narrow speed error track (adaptation range) which is equal to approximately 20-100 revolution/mm absolute value of speed error. The drawback of this limitation is the relatively short time for the algorithm to operate. But the convergence of the algorithm is extremely fast which significantly reduces the effect of this drawback. Two more important advantages emerge when adaptation works only with small speed errors. First of all the controller at changing drive parameters adapts to parameters around the value specified by speed reference signal which also assists to speed the adaptation. The other significant positive effect is the disappearing of the problem coming from nonlinear systems that the response of the system can even differ in its character when the value, amplitude of the reference signal is changed.
Requirement described in point 3. is easily provable. In the deduction of the adaptation algorithm time constant of the closed current control loop was neglected. Although the too low initial value of gain effects on the initial quality of the speed control (because on the effect of the integrator of the PF controller lower frequency oscillations can emerge) but it is outside of the control loop (this oscillation also appears on the input of the first-order lag element) so it takes less effect on the convergence of the adaptation.
Results
In Fig. 6 and Fig. 7 two of many executed simulations are shown. Fig. 6 shows the mn-up with speed controller of PF-type (an integral element with Proportional Feedback, AK7 = 0), while Fig. 7 with model reference parameter adaptive control (Eq. 15, Eq. 16) and in both cases with turn-on and turn-off angles depending on the speed and current reference and with current reference compensation (Eq. 1). (constituting time constant). At servo-drives speed error belongs to it is about 50-100 revolution/min so it could be seen approximately independent from the jump magnitude in the reference signal. The experiences show that the model reference parameter adaptive control suggested in this paper works without overshooting. Though this method requires a longer calculation period it is less sensible to the variations of parameters. The simulations and experimental results demonstrate that the proposed method is a promising tool to control the SRM drives.
